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Abstract

This study was carmried out to investigate the change of functional components and volatile flavor components from
gadic for which both were treated with protopectinase (PPase) and mechanical maceration during storage period.
Alliin contents of gadic suspensions macerated mechanically were 11.0 mg/g at 0 day and 6.6 mg/g at 24 day.
Whereas alliin contents of gadic treated with PPase were 8.5 mg/g at 0 day and 7.0 mg/g at 24 day. Importantly,
over 40% of alliin, which is the most unstable component during the mechanical maceration, remained with an
intact form for 24 day after the enzymatic treatment. The flavor components from garlic suspensions were extracted
by solid-phase microextraction (SPME) and were analyzed and identified by gas chromatography (GC) and
chromatography/mass spectrometry (GC/MS). The number and concentrations of flavor components of galic macerated
mechanically were increased during storage period, and total 18 kinds of flavor compounds were identified. Thus,
the PPase treatment of gadic could be a better choice for preparation of the highly valuable and functional processed
food as well as for prolonging the preservation period.
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Fig. 1. Procedure of sample preparation for analysis of alliin for
HPLC.
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Table 1. Operating conditions of HPLC for alliin analysis

ol g3tel AZY ohE

Apparatus : Gilson 305 system
Detector : Gilson UV/VIS 119

Wave length : 337 nm
Column : nucleosil 100-5 Cis(25 cm)

Injection volume 120 uL

Flow rate : 1.0 min/mL

Mobile phase 70(4) - 22 : 6 1 L5B)
A solvent 45 mM phosphate buffer(pH 7.15)
B solvent 14~dioxane : ACN : Tetrahydrofuran

M2 2
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Table 2. Operating conditions of GC for flavor compounds
analysis of garlic

Instrument GC(Hewlett-Packard 5890, USA)
Column DB-5(50 mx0.20 mmxQ.33 rm, J&W Scientific, USA)
Oven temp. 35C (3 min) — 5C/min — 220°C (5 min)
Injection temp. 230
Detector temp. 250°C(FID)
Carrier gas He, 25 mL/min
Split ratio 1:10
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Fig. 2. Microphotographs of garlic suspensions.

(a) Treated with PPase.
(b) mechanically macerated with homogenizer.
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Fig. 3. The change of alliin in garlic powder prepared with PPase
and mechanical size reduction stored at 4.

& MH : Mechanically macerated with homogenizer W PPase : PPase-treated.
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Table 3. The changes of flavor compounds of garlic suspensions
prepared with mechanical size reduction stored at 4°C

(Unit : Peak area count/10000)

PN’ RT? Flavor compounds Stonge period
0 day 24 days

141 11c3yc313p§:n Hexamethyl 2B/ 107011
2 50 1,2-dithiacyclopentane 122557  22.1448
3 545 Allyl monosulfide 7372480  2234.4680
4 159 Methyl propyl disulfide 1575800  1526.6840
5 838 unknown 0 315188
5 9B Propanedioic acid 356150  125.6545
6 1053  Octamethyl-cyclopentasiloxane 34.2680 0

7 1338 unknown 71.5348 0

8 1408 Diallyl disulfide 5388.6980  11643.710
9 1429  Trans-propenyl propyl disulfide ~ 129.0678 10775010
10 1440 2-vinyl-1,3-dithiane 88.5158  1220.7500
11 1553 Allyl methyl trisulfide 435518 362.1433
12 1602  Decamethyl cyclopentasiloxane 15.6034 0

13 1624 1,2 3-trithiolane 7.4891 0

14 1728 3 4-dihydro-3-vinyl-1,2-dithiane 0 52.119%
15 18.18 2-vinyl-4H-1,3-dithiane 246819 103.7965
16 18.59 1-chlorohexa-2,4-diene 43.8065 0

17 1947 2-cyclopenten-1-one 49.4675 46.0282
18 2041 2-methyl-2-cyclopentenone 55.8880 27.0365
19 21.00 Diallyl trisulfide 813.0859 24775360
20 2120 Dodecamethyl cyclopentasiloxane  7.1961 61.0634
21 2253 S5-methyl-1,2,3,4,-Tetrathiane 20.0535 267070
2 2758 unknown 8.0997 0

23 2836 Diallyl tetrasulfide 118520 380541
"Peak Number.

Retention Time.
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Table 4. Changes of flavor compounds of garlic suspensions
prepared with PPase size reduction stored at 4.

(Unit : Peak area count/10000)
Storage period (days)

PN’ RT? Flavor compounds 0 2%
L4 lléggpzngzﬁg;n;fgyl 1651 207558
2 509 1,2-dithiacyclopentane 11.4481 159011
3 545 Allyl monosulfide 3779491 308.1410
4 802 Methyl trans propenyl disulfide  725.9884 856.2592
5 928 Propanedioic acid 93.5226 166.6343
6 1053  Octamethyl-cyclopentasiloxane 45.6225 0
7 1408 Diallyl disulfide 8298.8870 9166.9600
8 1429 Trans-propenyl propyl disulfide  388.0435 328.8399
9 1440 2-vinyl-1,3-dithiane 288.8551 1120.5580
10 1553 Allyl methyl trisulfide 101.6236 388.2246
11 1602 Decamethyl cyclopentasiloxane  23.5857 9.6456
12 1624 1,2,3-trithiolane 0 8.5065
13 1728 34-dihydro-3-vinyl-1,2-dithiane 57.0725 274.3682
14 18.18 2-vinyl-4H-1,3-dithiane 82.4571 360.0471
15 2100 Diallyl trisulfide 1519.1060 2631.0480
16 2120 Decamethyl cyclopentasiloxane 37.5232 0
17 2253 S-methyl-1,2,3,4,-Tetrathiane 15.3040 26.1992
18 2828 Butanoic acid 0 23.1357

"Peak Number.

"Retention Time.
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Table 5. Sensory scores of Vegetables as treated with PPase and
mechanical maceration at 4C

Treatment PPase Mechanical maceration
Sample  giorage

; 6 12 18 24 0 6 12 18 24

period (day)  ©

color 662" 42b 40bc 32¢ 23d 6.7a 4.6b 3.5 2.8¢ 1.7d

Galic  odor  60a S3ab4%b 46b 43b 60a 56a 43b 35 30c
overll s s 462 43a 3.0b 522 522 32b 31b 28
accepiability 52 12 46a 43a 30 52a 522 32 31b 2

Yabe : Means with the same letter in the same column are significantly different
as determined by Duncan’s multiple range test.(p<0.05).

Ree AN E A7) 4SS Hed AT
2 Weluld st A4 A Yk oA e B Es
B AZH) 3kl 0] s) ohes] 201stE

dozl A%z Jehd RS0 7] wFel AroA e
0] A5} & HslrAE BT E} 0] 6.6l A
247 = 2307 A3 Ae] wiglE A3 ¢ SISlTh
au EAelM = 249 A & 7174113}%113011*1% WANZE
Aol oF A RAA B AA B ¥l wE 1 dA 7}
A fA He Zog veisth weba Wil oaf rheel
GA 3 EL RU7AE AAFJ] AZ =7 7 A &
94 6del vlg] A Usith o] A= n|Fo] npge] A%

HE2S A B AR e dAESEY A%
NZHEet 7R At Ay 99 E g
AAL} o & vl o 2 M EsHE AA| o ARHHQ HF
AANA S FAF F Tk

uhs 7 FAA T
FE5 A T £ Vévg a4 6 1 14?_ Weto 2 PPase
2 Agd AEZZ G EE R AAT vheY B4l
L3293 HAZRAL 250 pmo 2 37T A6l A pH
8022 150% B¢t 243 A1 o A &9 dAEs)

ATt

Wﬂ;i_ﬁ}gﬂr TNA g B g A8E vlug A7
vkl £2 8 a AR alliing] §FE VA v E
o] 11 mg/goll A 6.6 mg/gl &, TA| E3}E0] 8.5 mg/gellA



356 FTHEAGFETEIA A3E A3 (2006)

70 ngg 2 71A Wk & vl oF 20% H = o]/ alliin
4 T8E ATtk 183 SPMES} GOMSE o| 83
nhEe] RS ERIE BF F F 8% Sl A
ZIA e &l Hlal 18F 5 4F9] Sate] AN Al st
Zo| Br} <Hg3t 3yl 48 ¥gE HAFI. o]9) nhit
T2 WAL 23S BUjels 4Tlx] 24 A 230
T R A Wst A9 fle erEsEe] Alest
AAAR 715 e F B A Ao e £ HEE LD

At

I
re

i

1. Raghavan, B., Abraham, K.O. and Shankara Narayana,
M.L. (1983) Chemistry of garlic and garlic products. J.
Scientific and Industrial Research., 42, 401-409

. Kim, Y.S., Park, K.S., Kyung, K.H., Shim, S.T. and Kim,
HK. (1996) Antibacterial activity of garlic extract against
Escherichia coli. Korean J Food Sci. Technol., 28,
730-735

3. Stoll, A. and Seebeck, E. (1949) Uber din enzymatischen

abau des alliins und die eigenschaften der alliinase. Helv.
Chim. Acta., 32, 197-198
4. Park YK. and Kang. Y.H. (2000) Enzymatic Maceration
of Vegetables with Cell Separating Enzymes. Korean J.
Postharvest. Sci. Technol., 7, 184-188
. Han, E.S. (1993) Fruits storage and processing technology
in korea. Agricultural Cooperative Development Institute.
p-35-78
6. Lee, D.H, Lee, S.C. and Hwang, Y.I. (2000) Processing
properties of kiwifruit freated with protopectinase. J.
Korean Soc. Food Sci. Nutr., 29, 401-416

7. Biological Active substances of Food Industry new
Processing Technology (1998) - Focused on the Membrane
Separation Process. Food Technology and Industry. 31,
18-29

8. Shin, HH. and Pyun, Y.R. (1997) Inactivation of
Lactobacillus plantarum by high valtage pulsed
electronic fields treatment. Korean J Food Sci. Technol.,
29, 1175-1183

9. Kim, D.H. and Beun, M.W. (2001) New processing

X

U

10.

11

12.

13.

14.

16.

17.

18.

19.

20.

technology of traditional fermented food using radical.
Food Industry and Nutrition, 6, 38-44

Byun, M.W. and Lee, SH. (1997) Effect of ozone
treatment and gamma irradiation on the quality properties
of dried-spirullina and dried-sea tangle powders. Korean
J. Food Sci. Technol., 29, 764-770

Shin, J K. and Byeon, Y.L. (2000) Pasteurization of food
by high intensity light pulse. Food Technology and
Industry, 33-98

Takashi, N., Roque, A-H. and Takuo, S. (1995) Enzymatic
maceration of vegetables with protopectinases. J. Food
Sci., 60, 468-472

Kim, LH., Lee, Y.C., Kim, HK. and Park, M.-H. (1998)
Synthesis and purification of allithiamine from garlic.
Korean J. Food Sci. Technol., 30, 293-298

Ryu, SK., Roh, J.C, Park, H. and Park, SK. (2002)
Correlation between SPME-GC analysis and the aroma
intensity for ginseng volatiles. J. Ginseng Res., 26,
206-212

. Park, CK,, Lee, J.G., Jeon, B.S, Kim, N.M. and Shim,

K.H. (2002) Changes of volatile flavor components with
different roasting processes in chicory roots. Food
Engineering Process. 6, 232-240

Im, S.I. and Choi, S.H. (2003) Volatile compounds in
the oxidation of unsaturated fatty acids caused in
off-flavor of porcine liver by HS-SPME. Korean J. Food
Sci. Technol., 35, 359-365

SAS (1955) SAS/STAT Software for PC. Release 6.11,
SAS Institute, Cray, NC, U.S.A.

Lee, S.C. and Hwang, Y.I. (1997) Cell separation of
vegetable tissue by protopectinase. J. Korean Soc. Food
Sci. Nutr., 26, 430-435

Hwang, J.B., Ha, J.H., Park, W.S. and Lee, Y.C. (2004)
Changes of component on green discolored garlic. Korean
J. Food Sci. Technol., 36, 1-8

Shin, D.B., Hawer W.D., Koo M.S., Kim Y.S. and Jeun
H.S. (2001) Quality evaulation of garlic from different
cultivation area. Korea Food Research Institute,
Sungnam, Korea

(H4= 2006 3¢9 29, A 20069 59 319)



